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Outline
• Introduction : A Brief Review  of the saga 

of building a National Underground 
Laboratory 

• Recent developments 
• What’s DUSEL?

– Scope and Process
• The Accelerator Connection
• Summary & Outlook



History…
• 1965 : construction of the Davis,et.al. Cl detector  begins at 

the Homestake Mine 
– Over the next 35 years Homestake hosts the Cl experiment,as well 

as cosmic and double-β experiments
• Early 1980’s: Al Mann and collaborators lead an effort to 

create a US underground science laboratory, modeled after 
the newly started Gran Sasso Laboratory in Europe. 
Despite growing excitement in the community over solar 
neutrinos, double beta decay, proton decay and other 
underground science, the funding effort is unsuccessful.
– Over the next decade, proton decay experiments are started in the 

US at Soudan and IMB; worldwide underground initiatives 
continue

• 1998-1999 : New discussions begin with NSF and DOE 
about establishing Homestake as a national underground 
science laboratory.



History, con’t
• 2000 

– DOE sponsored workshop on using WIPP (Waste 
Isolation Piolet Plant, Carlsbad, N.M.) as a site for a 
next-generation underground laboratory

– Underground Laboratories included as one of five 
working groups in the nuclear physics community’s 
NSAC Long Range Planning meeting

• Presentations for Homestake, WIPP and Soudan  in US, as well 
as Gran Sasso, Kamioka and Sudbury

• NSF suggests the development of a White Paper supporting the 
creation of a National Underground Science  Laboratory 
(NUSL)

– Bahcall Committee :  Bahcall, Barish, Calaprice, Conrad,Doe, 
Gaisser,Haxton,Lesko,Marshak,Robinson, Sadoulet,
Sobel,Wiescher,Wojcicki,Wilkerson



White Paper on Underground Science
I. Solar Neutrinos
II. Double Beta Decay
III. Dark Matter
IV. Nucleon Decay
V. Atmospheric Neutrinos
VI. LBL ν oscillations
VII. Supernova neutrinos
VIII. Nuclear Astrophysics
IX. Geoscience
X. Materials Development and Technology
XI. Monitoring Nuclear Tests
XII. Microbiology

FNAL to
Soudan - 730km
Homestake - 1340km
WIPP - 1800km
San Jacinto - 2680km

Common
Detector?



Report of the
Technical Subcommittee

• 4 sites investigated
– Homestake (up to 7200 mwe)
– San Jacinto (horizontal access, 6,500 mwe)
– Carlsbad (WIPP) (1700 existing mwe)
– Soudan (2200 mwe existing)

• Homestake & San Jacinto favored for depth
• Many other factors considered and documented

– i.e. Soudan in “existing” neutrino beam, although
already recognized that a longer baseline may be desirable

Subsequent reviews over the next several years come to 
similar conclusions



History con’t
March 2001 - Nuclear Physics Long Range Plan :
“We strongly recommend immediate construction of the 

world’s deepest underground science laboratory. This 
laboratory will provide a compelling opportunity for 
nuclear scientists to explore fundamental questions in 
neutrino physics and astrophysics.”

June 2001 - NUSL-Homestake proposal submitted to the NSF
July 2001 - High Energy Physics community includes 

Underground Science in Snowmass summer study
October 2001 - Lead Workshop(s) on Underground Science

Science and engineering workshops



History con’t :
Committee Reports by and for Funding Agencies

• Nuclear Science Advisory Committee(NSAC) : Opportunities in 
Nuclear Science: A Long Range Plan for the Next Decade (April 2002)

• High Energy Physics Advisory Panel (HEPAP): The Way to Discovery 
: Particle Physics in the 21st Century (April 2002)

• National Research Council (NRC): Connecting Quarks to the Cosmos 
: Eleven Science Questions for the New Century (April 2002)

• Nuclear Facilities Assessment Committee (NRC panel): Neutrinos and 
Beyond (December 2002)

2003 : Detailed proposals  for Homestake, Soudan 
and San Jacinto submitted to NSF

• National Science and Technology Council (NSTC/OSTP) : A 21st 
Century Frontier of Discovery : The Physics of the Universe (February 
2004)

• NSF/DoE Office of Science HEPAP committee: The Quantum 
Universe (June 2004)



All the reports send ~ the same message;
from Neutrinos and Beyond

p. 33



NSF Site Panel Report Concerning a Deep, Underground 
Science and Engineering Laboratory - 5/28/03

• Evaluation of
– Geological suitability

• ~50 m linear dimension, ~2500 m depth, ~50 yr use
– Relative costs

• Access, excavation, infrastructure

• 3 Sites Reviewed
– Homestake Mine, Lead, SD
– Soudan Mine, Soudan, Mn
– Mt. San Jacinto, Ca

• Conclusion
– Most favorable : Homestake
– Least Favorable : San Jacinto
– Possible “back-up” : Soudan



February 2004





Meanwhile…
• Earth scientists begin discussing opportunity to develop an 

underground research laboratory in conjunction with 
proposals to create an underground neutrino observatory. 

• October 2001 - Earth Science Workshop to discuss earth 
science studies that could be conducted at the underground 
lab and discuss the technical requirements for such studies

• June 2003 - Earthlab : A Subterranean Laboratory and  
Observatory to Study Microbial Life, Fluid flow, and Rock 
Deformation, June 2003.

• September 2003 - An NSF-Sponsered Workshop on Deep 
Underground Science and Engineering Laboratories 
(DUSELs) [in conjunction with 10th Congress of the 
International Society of Rock Mechanics]
– The workshop was convened to refine the scope of activities 

proposed at Earthlab, an underground research laboratory that may 
be developed in conjunction with a deep neutrino detector.



More recently….
• NSF returns unsolicited Homestake, Soudan and San 

Jacinto proposals “without predjudice” February 2004
• 29 March 2004 Process Meeting at NSF

– NSF/MPS-led, working with GEO, ENG and BIO Directorates 
through an Underground Science Working Group

– NSF Working with DOE to develop mechanisms for reviewing and 
funding experiments

– Series of 3 solicitations to help the community develop proposal(s) 
• #1 Science motivation, experimental programs, synergies, site-

independent definition of requirements
• #2 Site specific investigation of suitability of a site to meet 

requirements defined in #1
• #3  Site specific proposals

• Currently 8 candidate sites



Solicitation #1 proposals due
9/15/04



Emphasis on finding synergies



For Solicitation 1, attempt to develop a single
Proposal within the community



Solicitation 1 Workshop at Berkeley
August 11-14, 2004



Sites developing  DUSEL
Solicitation #2 proposals



The accelerator connection



1000 km < L < 2500 km



Sites developing DUSEL proposals



Lesko-Wang “greenfield” sites



Laughton  “additional” potential sites



Flavor of the Workshop
• Exploration of Modules and Synergies

– LBL & Proton decay detectors
• Large → good synergy
• Similar depth requirement : not necessarily 

– Large detectors vs small detectors
• Deep vs very deep
• Large caverns vs small caverns → $$$ issue

– Geoscience vs Physics
• Homogeneous vs varied rocks

– Geoscientist may benefit most from the site investigation  
process  if they can get organized promptly

• Drilling & blasting vs running detectors
– Laboratory Infrastructure

• Amenities (dormatories, networks,shops…)
• Outreach



Detector vs Cavern  Size

Rock mechanics experts  have
real reservations about spans
of  ~100m dimension and
>~5000 ft depths;
i.e. Hard to guarantee long lifetime





Requirements Matrix

Depth, volume, …



Summary
• The scientific case for construction of a National 

Underground Laboratory to host a diverse set of 
experiments has been made repeatedly for many years

• The scientific case for planning the next generation of long 
baseline neutrino oscillation experiments continues to get 
stronger

• It is well recognized that both of these endeavors are very 
expensive :
– Proposals for the Underground Laboratory have had cost estimates

which range from ~$500K - ~$300M (excluding detectors and 
very large caverns) depending on the amount of excavation and 
depths required

• It is therefore also recognized that if  we go with the large 
multi-purpose facility the Laboratory will not get 
constructed “quickly”
– Experiments to use the Laboratory will likely be the next-next 

generation of experiments : experimental goals and hence 
requirements need to be set accordingly (need to look ahead and 
know how to plan the science)



Summary con’t
• The current DUSEL Process is prescriptive and requires development 

of “Science Modules”,  i.e. a plan for evolution of the DUSEL, perhaps 
building it in stages

• Multiple Laboratory sites are possible (i.e. it may not be possible to 
find compatibility among all current proponents and potential users; 
NSF wants the options explored before making a multiple site 
decision)

• The possible synergy between a detector planned for a long baseline 
experiment and one planned for proton decay and supernova 
observation is recognized by both the scientific communities planning 
the experiments as well as those who review the scientific proposals
and policy makers/funding agencies

• There is not a complete consensus among the DUSEL  proponents that 
a very large detector + neutrino beam  is in fact the “flag ship” 
experiment of the Laboratory (large vs small camps)



Summary con’t
• Many potential sites are at appropriate distances from Fermilab (and 

Brookhaven)
• Most are due West of Fermilab (and BNL)
• Acknowledged that LBL experiment in the DUSEL assumes that the 

accelerator lab producing the neutrinos will successfully manage to get 
an upgrade to produce a 1 - 2 MW proton beam.

• Laboratory and detector requirements
– Deep depth not a requirement for accelerator experiments but is a 

requirement for proton decay
• Depth vs cavern size is an important consideration

– Large/massive detector required for both
• Water cerenkov - default/baseline because of previous experience 
• Liquid argon - viewed favorably by both communities;
• Both need R&D to scale to very large size



Conclusions
• Future Long Baseline experiments need the proton 

driver : > 1 MW proton power
• Future Long Baseline experiments should have a 

Long Baseline : > 1000km
• Future Long Baseline experiments need a very 

massive detector : >> 50 ktons
• Future ⇒ >≈ 10 years



Conclusions
• Now is the time to 

– Get started with getting the Proton Driver approved
– Learn how to handle MW proton beams : heating and 

radiation protection  issues
– Work on optimizing proton energy/neutrino flux; 

develop conceptual designs for extraction and neutrino 
beam components

• These may have impacts on layouts of the proton driver which 
need to be addressed early due to environmental impact 
analysis (one of the earliest steps in getting a new start 
approved)

– Evaluate appropriate sites; work with the on going 
process for site selection of an Underground 
Laboratory; decide if the synergy is real and workable

– Continue/increase detector R&D to enable the design of 
an appropriate, cost  & technically efficient detector
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